Although NGC 253 is one of the nearest starburst galaxies, the activity in its central regions is yet to be fully understood. Here we present new optical data from the Hubble Space Telescope of its central region, which reveal numerous discrete sources in a ring-like structure. This is combined with data at infrared, millimeter, radio and X-ray wavelengths to examine the nature of these discrete sources and the nucleus itself.
WFC chips imaged the region SE of the nucleus. Two exposures were taken through each of the F953N (λ c \∆λ = 9545\53Å) and F850LP (λ c \∆λ = 9101\986Å) filters of 1300s and 300s respectively. These correspond to the line emission of [SIII] 9532 and nearby continuum.
For each of the two filters we found no significant shift between the two exposures and so combined them using the STSDAS task crrej. This effectively removed cosmic rays. Each image was then scaled to an exposure time of 1 second. The continuum image was scaled for filter throughput, based on the WFPC2 handbook, and then subtracted from the narrow band image to produce a line-only [SIII] 9532 image. The final image is shown in Fig. 1 .
We also obtained WFPC2 archive data on the nuclear region of NGC 253. Images through filters F656N (λ c \∆λ = 6564\21Å) and F675W (λ c \∆λ = 6726\866Å) covering a similar spatial region as our data were available. The exposure times were 2 × 1200s and 2 × 200s respectively. In this case the galaxy nucleus was centred on WF3. These images were then reduced in a similar way to the F953N and F850LP data. The final line-only Hα image contains one foreground star, which allowed us to check our continuum subtraction in this case.
ROSAT HRI and PSPC images
Observations of NGC 253 have been carried out with both the HRI and PSPC instruments onboard ROSAT. We obtained three HRI and two PSPC observations from the Leicester Data Archive. Details of the observations are given in Table 1. The data were reduced and analysed using the Starlink ASTERIX software. The PSPC data were cleaned of periods of high background and poor pointing stability, leaving a total of 22,015s of good data between the two images. The data were sorted to form a spectral image over a 0.85
• × 0.85
• region centred on the nucleus of NGC 253. A model of the background was constructed using data from an annulus r=0.2
• to r=0.3
• . The task pss was used in several iterations to remove sources from the background annulus which was then scaled up to the whole image size allowing for energy dependant vignetting. Source positions in each image were then measured and the two images were found to have no significant shift.
They were combined using the task add. The background files for the two images were also combined. Finally the pss task was used to locate and measure point sources. The PSPC image is shown overlaid on an optical image of NGC 253 in Fig. 2 . The main features are the extended superwind emission extending about 12 ′ (9 kpc) above the plane of the galaxy with emission also extending along the disk of the galaxy. There are a large number of X-ray point sources, both in the plane of the galaxy and in the near vicinity. The superwind emission has been studied before by Read et al. (1997 ), Fabbiano (1988 and Dahlem, Weaver & Heckman (1998) . The superwind X-ray emission is generally similar in structure to that seen in M82 (Strickland, Ponman & Stevens 1997) . In this paper, we focus on the inner regions of the superwind, and will not discuss the extended emission further. The X-ray data on the inner regions and the X-ray point sources there will be discussed in more detail in Section 3.3.
For the HRI data, the three data sets were sorted into images of size 0.3
on the nucleus and then the positions of bright sources determined. The background was calculated by taking the mean value of the image after the bright sources had been removed.
No vignetting correction was applied. The images were then aligned and combined, giving a total effective exposure time of 56,494s. The HRI image of the central regions is shown in Fig. 3 (left panel), and the HRI image overlaid on the HST Hα image is shown in Fig. 3 (right panel).
Both the HRI and PSPC images clearly reveal a number of point sources in the disk/bulge but also diffuse disk emission and a spectacular bi-conical emission perpendicular to the disk in the case of the PSPC (see Fig. 2 . These studies have also revealed multiple discrete sources.
Measuring absolute positions for these sources has been problematic given the small field-of-view of the IR arrays. Forbes et al. (1991) The WFPC2 Hα image has been published previously by Watson et al. (1996) . They also described the Hα sources as forming a ring-like structure but only measured the flux from 4 of them. Confusingly the 'bright blob' they refer to is the brightest continuum source, Table 3 .
Radio Sources
High spatial resolution radio maps of NGC 253 have been obtained at 1.3, 2, 3.6, 6 and 20cm
by Turner & Ho (1985) , Antonucci & Ulvestad (1988) and Ulvestad & Antonucci (1991 , 1994 , 1997 . These maps reveal a family of discrete sources. The position of these sources within different maps agree to about ±0.1 ′′ . We have decided to adopt the 2cm mapping by Ulvestad & Antonucci (1997) because of its high spatial resolution and good sensitivity. The brightest radio source (about three times brighter than the next strongest) which has a flat spectrum (α 6 2 = +0.04±0.06) and high brightness temperature (T B ∼ 10 5 K), appears to be a compact synchrotron source. This source (also known as TH2 from Turner & Ho 1985) is probably an AGN and the true nucleus of NGC 253. We will refer to this source as the 'radio nucleus'.
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It is located at α = 00 h 47 m 33.169 s , δ = -25
• 17 ′ 17.06 ′′ (J2000). The positions, 2cm fluxes, 2cm luminosities and 6 to 2cm spectral indices for the 16 strongest 2cm radio sources are listed in Table 4 .
In Fig. 4 we show the location of the Hα, [SIII]9532, IR, mm and radio discrete sources seen in the central ∼ 50pc after aligning the different sources as described above. There is a good spatial correspondence between the Hα and [SIII] sources, and to some extent with the IR sources. The elliptical ring-like structure can be clearly seen, with the nucleus close to the centre of the ring. On the other hand the radio sources do not show a good spatial correspondence to the ring sources and generally trace out a line in the SW-NE direction interior to the ring. In particular, the radio nucleus does not have a strong IR counterpart (e.g. Sams et al. 1994) and lies in an empty region of the [SIII] emission line ring.
X-ray Sources
The X-ray emission from NGC 253 has been studied previously. • 17 ′ 50 ′′ ) and surrounding diffuse emission (see Fig. 3 ).
The two sources (X33 and X34) are separated by 27 ′′ , which is comparable to the resolution of the PSPC but reasonably well separated by the HRI. Thus we are confident about obtaining accurate HRI-derived luminosities (given an assumed spectral shape) but attempts to obtain spectral fits of the two sources with the PSPC may be contaminated by emission from the other source, as well as diffuse emission.
Starting with the point source X33 in the HRI data, we assume the same spectral parameters as Fabbiano & Trinchieri (1984) and Vogler & Pietsch (1999) , i.e. Galactic hydrogen column density of N H = 1.7 × 10 20 cm −2 and thermal bremsstrahlung spectrum of kT = 5keV. We derive an emitted 0.2-4.0keV flux of 3.44 × 10 −13 erg cm −2 s −1 and corresponding luminosity of L X = 2.57 × 10 38 erg s −1 . This is in reasonable agreement with
Vogler & Pietsch value for X33 of 2.76 × 10 38 erg s −1 (when adjusted to our assumed distance). Based on its high luminosity, evidence for variability and possible hard spectrum (from the PSPC data), Vogler & Pietsch conclude that it is a black hole X-ray binary. A similar conclusion was reached by Fabbiano & Trinchieri (1984) . We will not discuss this source further, and concentrate on the nuclear source and surrounding diffuse emission. and their positions agree within the uncertainties. They lie close to the position of the radio nucleus. We will therefore assume that they are the same source and that the peak of the X-ray emission is associated with the radio nucleus, i.e. α = 00 h 47 m 33.169
The nuclear source has a FWHM size of about 10 ′′ and is clearly extended in the HRI image. This indicates that not all of the emission can be associated with an AGN. We estimate an emitted 0.2-4.0 keV flux from the nuclear source to be 1.84 × 10 −11 erg cm We note for comparison that the analysis of ROSAT PSPC data by Read et al. (1997) determined the following spectral properties for the central source, kT =3.0keV and N H = 6.05 × 10 20 cm −2 for a single temperature bremsstrahlung model. Note, that the PSPC data includes contributions from source X33 as well as the nuclear source X34.
NATURE OF THE DISCRETE SOURCES

The Nucleus
As mentioned above, the nuclear radio source (known as TH2) has a flat radio spectrum and high brightness temperature. It has a compact (< 2pc) core (Sadler et al. 1995) and associated H 2 O maser emission (Nakai et al. 1995). These facts argue strongly for an AGN at the centre of the galaxy.
We estimate the intrinsic soft X-ray emission from the nuclear source to be ∼ 10 estimate 10 39 erg s −1 for an internal column density of N H = 2 − 3 × 10 21 cm −2 , based on a spectral fit of the PSPC data. As mentioned earlier, such fits should be taken with caution as the bright X-ray binary to the South of the nuclear source contaminates the PSPC flux.
Another reason to be skeptical of this result is that the column density implies an extinction of A V = 1.3 m . If an AGN were responsible for the X-ray emission and hidden by only 1.3 mags of extinction, then we would expect to see evidence for a Seyfert nucleus in near-IR spectra (A K ∼ 0.13) which has not been observed. Indeed, from high resolution near-IR imaging, Sams et al. (1994) have suggested that the extinction towards the nucleus could be in excess of A V = 24 m . In which case, even our estimate of the X-ray luminosity is severely underestimated.
The high X-ray luminosity, and spatial extent, effectively rules out an X-ray binary as the source of the X-ray emission. A single Galactic-like SNR is also ruled out. There is good evidence from the radio data for an AGN, however the extended X-ray emission implies that some of the X-rays are not from an AGN but perhaps from a small number of compact, extra-luminous SNRs or hot gas associated with starburst activity. The satellite Chandra, with its 0.5 ′′ spatial resolution, should settle this issue.
For comparison, we note that the X-ray luminous radio supernova SN 1988Z, has radio and X-ray properties that are broadly comparable to the nucleus of NGC 253. SN 1988Z was detected as an X-ray source with L X ∼ 10 41 erg s −1 , at an epoch ∼ 8 years after the SN event (Fabian & Terlevich 1996) . It has also been studied at radio wavelengths, where it is a luminous (but fading) object (van Dyk et al. 1993) . The overall spectral shape consists of a power-law with slope α = −0.74 and varying free-free absorption. Another similar object is SN 1986J, which is again a radio and X-ray luminous object (Weiler et al. 1990 , Houck et al. 1998 ).
The peculiar X-ray and radio characteristics of these objects have been interpreted as being due to the SN explosion occurring in a dense circumstellar environment, caused by an earlier phase of stellar evolution (e.g. dense winds) or location in a dense environment On the basis of the X-ray properties alone it is difficult to distinguish between an ultraluminous SN and an AGN for the nuclear emission, as sufficiently little is currently known about the X-ray spectral properties of objects like SN 1988Z and SN 1986J (Stevens, Strickland & Wills 1999 . Although it is possible that an X-ray luminous SN could account for part of the extended emission, we consider it unlikely to be the main source of nuclear emission, as the flat radio spectrum of TH2 and the lack of X-ray variability argue against an ultraluminous SN at the core of NGC 253.
The Infrared Maximum
The brightest discrete source at [SIII] et al. 1993) . This corresponds to 2 × 10 51 ionising photons per sec, or about 1000 O stars, and suggests that the IR maximum is a powerful young star cluster of total mass ∼ 10 5 (for a normal IMF). From the Hα emission and a burst model, Watson et al.
(1996) also favour a young (< 100 Myr old) star cluster. Our measurements of the [SIII] to
Hα ratio for this source (see Table 3 ) are more consistent with photoionisation from young stars rather than SNR-produced shocks.
Assuming that the Brγ emission comes solely from HII regions, and an electron temperature of 10 4 K, then we would predict a thermal 2cm flux density of ∼ 3 mJy. If A V = 5 towards this source, then the expected flux rises to ∼ 5 mJy. The IR maximum does not appear to have an associated radio source of this strength, indicating a 2cm flux limit of ≤ 0.4 mJy. So although we favour the interpretation of a large cluster of young stars, it is curious that there is no strong radio emission from the associated HII regions. Paglione et al.
(1995) inferred a density of ∼ 10 5 cm −3 towards this source which is even higher than that inferred for the nucleus. Perhaps this very high density gas can act to modify the Galactic (i.e. low density) relationship between ionising photons and thermal radio emission.
The Ring Region
The [SIII], Hα and IR sources resemble a ring-like structure surrounding the nucleus (see Fig. 4 ). It is about 50 pc in diameter. As shown by Sams et al. (1994) the appearance of discrete sources is largely due to the variable dust obscuration within this region. Nevertheless the presence of strong Hα and IR emission in a ring-like structure suggests that NGC 253 contains a ∼ 50 pc sized starburst ring (as it is difficult to imagine how dust would create the impression of a ring when it doesn't exist).
This ring has also been seen in the form of a molecular torus (Israel, White & Bass 1995) with the IR maximum defining the SW edge. The velocity field around the ring is consistent with solid body rotation (Paglione et al. 1995) . HI observations reveal evidence for a rapidly rotating ring of cold gas (Koribalski et al. 1995) . The optical/IR ring appears to define the inner edge of a larger (∼ 500 pc sized) cold gas torus, which has a higher gas density than the outer parts of the torus (Israel et al. 1995) . Arnaboldi et al. (1995) claim that NGC 253 has two inner Lindblad resonances, one at ∼ 300 pc (i.e. within the torus) and another at about 50 pc radius (i.e. the starburst ring).
As can be seen in Fig. 4 there is very little spatial correspondence between the optical/IR sources and the radio sources. A radio spectral index map does however show that the NW ridge of the ring (which has the most intense optical/IR sources) has a flat or even positive spectral index indicating that the radio emission is thermal in nature from HII regions. The fact that it is diffuse rather than in the form of compact sources suggests that either the HII regions have overlapped and expanded to fill a large area or perhaps the emission is being absorbed by high density gas (which may in turn be associated with the molecular torus).
The Brγ emission is also strongest on the NW ridge of the ring, while the [FeII] emission traces SNRs on the SE ridge of the ring (Forbes et al. 1992) . In other words the contribution of HII regions relative to SNRs is high on the NW side of the ring and low on the SE side of the ring. This may indicate a temporal evolution, with star formation starting on the SE side and progressing to the NW side of the ring. 1990) we can estimate the dereddened ratio for A V = 5 and 10. We find that the discrete sources in the ring are consistent with the photoionisation models for OB stars and HII regions, rather than the shock models for SNRs.
In summary, NGC 253 contains an almost circular, starburst ring of diameter ∼ 50 pc which defines the inner edge of a 500 pc sized torus of cold gas. The discrete sources in the ring do not, in general, have associated compact radio sources. Their appearance at optical, and to some extent IR wavelengths, is no doubt affected by dust obscuration but this is unlikely to artificially create a ring-like structure. Gas rings, of pc to kpc sizes, have been seen in a number of ultraluminous starburst galaxies (Downes & Solomon 1998) . This suggests that similar processes to those seen in NGC 253 are occurring in other distant galaxies but on a much grander scale. and A V =5. Sources within the ring are listed first, and then 4 sources that lie beyond the ring. c 0000 RAS, MNRAS 000, 000-000 Figure 2 . ROSAT PSPC X-ray contours superposed on the Digitised Sky Survey optical image of NGC 253. The X-ray emission comes from a variety of sources; bi-conical emission perpendicular to the disk, diffuse disk emission and point sources. The optical, infrared and millimeter sources reveal a ring-like structure, whereas the compact radio sources lie along a SW-NE line. There is very little if any spatial correspondence between the radio sources and the emission at other wavelengths. The radio nucleus has no strong optical, infrared or millimeter counterpart. 
